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(54) ENDOSCOPE OBSERVATION SYSTEM 

(57)Abstract: 

PURPOSE: To obtain the observation optical 
system which has nearly the same component 
precision and assembly precision as 
conventional one and is sufficiently clear even in 
the endoscope observation system using an 
image guide having an extremely thin diameter 
such as a blood vessel endoscope, etc. 
CONSTITUTION: In the endoscope observation 
system which includes an objective 17, the 
image guide 15, and an objective or relay lens 
22, the exit-pupil side numerical aperture(NA) of 
the objective 17 is made larger than the 
maximum incidence side numerical aperture(NA) 
of the objective or relay lens 22. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1]An endoscope observation system making the number of the maximum 

injection openings of an objective optical system larger than the number of the 

maximum incidence openings of an eyepiece optical system in an endoscope 

observation system characterized by comprising the following. 

An objective optical system. 

An image guide. 

An eyepiece optical system. 

[Claim 2]The endoscope observation system according to claim 1, wherein 
normalized radio frequency of said image guide is ten or less. 

[Claim 3]The endoscope observation system according to claim 1 or 2, wherein the 
number of the maximum injection openings of said objective optical system is 
smaller than a numerical aperture of said image guide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to the endoscope 
observation system which uses the image guide of a minute diameter 
[0002] 

[Description of the Prior Art]The common endoscope observation system which 
transmits the image of a photographic subject using an image guide, It is 
constituted by the relay lens system for making acceptance surfaces, such as 
CCD, carry out image formation of the eyepiece for carrying out magnified 
observation of the image of the objective lens system to which the incident end 
face of the image guide is made to carry out image formation of said photographic 
subject, and the emitting end surface of said image guide, or its image In this case 
the numerical apertures (NA) by the side of 2-4, and outgoing radiation of the f 
number are [ the luminosity of an object lens ] 0.25-0.125. It is a grade. 
This has maintained and determined the balance of depth of field and the 
luminosity of an illumination system. 

The numerical aperture (NA) by the side of 2 and its incidence of the f number of 

an eyepiece or a relay lens is about 0.25 thing 

[0003] 

[Problem(s) to be Solved by the Invention]By the way, the narrow diameter 
endoscope whose outer diameter of an insert portion is hundreds of micrometers 
as an endoscope for blood vessels is put in practical use in recent years. Since an 
image guide and the light guide of such a kind of endoscope are very thin the 
luminosity tends to be insufficient for it. When connecting two or more observation 
optical systems and building an optical system generally, the luminosity of an 
optical system is determined by the luminosity of the darkest optical system 

S°a°n eref ° re ' '* ' S made t0 make the out g° in S radiation side numerical aperture 
(NA) of the optical system located in the front side of the image guide which 
spreads the image of a photographic subject, and the incidence side numerical 
aperture (NA) of the optical system located in the backside of the image guide 
match in such an optical system. For example, in an endoscope system, the optical 
system nearest to the object side is an object lens, and if the outgoing radiation 
side numerical aperture of the object lens becomes 0.25, the numerical aperture of 
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an image guide will design the numerical aperture by the side of incidence of 0.25 
or more, an eyepiece, or a relay lens to 0.25. Under the present circumstances, 
usually in consideration of the assembly error of an optical system, etc., a margin 
is given to the luminosity of the optical systems (in this case, an image guide, an 
eyepiece, etc.) of the backside. And in order to make this optical system bright, it 
is necessary to raise all the luminosities of each optical system. 
[0005] However, an eyepiece and a relay lens become high magnification for an 
image guide to be a narrow diameter. For this reason, when it is brighter than 
before, and is got blocked and the incidence side numerical aperture is enlarged, it 
is necessary to make very severe the part precision and assembling precision of an 
eyepiece or a relay lens, and there is a situation that it is not desirable. 
[0006]This invention was made paying attention to said technical problem, and an 
object of this invention is to be able to be made to perform observation bright 
enough about the average also in the endoscope [ assembling precision / part 
precision or ] observation system using extra-narrow image guides, such as an 
endoscope for blood vessels, moreover conventionally 
[0007] 

[Means for Solving the Problem and its Function]This invention transmitted an 
image incorporated by an objective optical system by an image guide, and made 
the number of the maximum injection openings of said objective optical system 
larger than the number of the maximum incidence openings of an eyepiece optical 
system in observation or an endoscope observation system which carries out 
image formation through an eyepiece optical system (a relay optical system is 
included.). This invention makes normalized radio frequency of said image guide ten 
or less. The number of the maximum injection openings of said objective optical 
system makes this invention smaller than a numerical aperture of said image guide. 
According to these, bright observation can be performed as much as possible in 
spite of an extra-narrow image guide. 

[0008] Hereafter, the circumstances which reached this invention are described. It 
is known that a core diameter can generally treat propagation of light in a 
sufficiently large optical fiber in geometric optics to wavelength. As drawing 1 
shows, when an optical fiber which consists of the core 1 and the clad 2 is ~~ 
assumed, a beam of light which entered into the core 1 of this optical fiber by the 
incidence angle theta is ejected from an emitting end of that optical fiber at the 
same angle theta. Thus, if a path of the core 1 is in a sufficiently large optical fiber 
to wavelength, Since it is thought that the angle theta into which a beam of light 
enters is held within an optical fiber, old has been designed so that the incidence 
side numerical aperture (NA) of an eyepiece or a relay lens and the number of 
injection side openings of an object lens (NA) may become the same value. 
[0009] However, when using an optical fiber of what is called a minute diameter 
whose core diameter is about several times the wavelength, it is considered that 
are not suitable and it is necessary to treat an endoscope observation system in 
wave optics to treat light which spreads an optical fiber in geometric optics. Then, 
wave optics view examines an endoscope observation system. 
[0010]Only light in the specific state (mode) of satisfying a characteristic equation 
drawn from a wave equation within an optical fiber of a minute diameter spreads. 
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Peculiar intensity distribution to which each modes of these are called a mode 
pattern on an emitting end surface of an optical fiber appears. On the emitting end 
surface, drawing JLand drawing 3 set a horizontal axis as the radial distance r 
(micrometer) from a fiber center, and show an example of an intensity pattern in 
each mode which made a vertical axis intensity (a peak is standardized and 
displayed on 1 ). 

[001 1]Next, when light is emitted from the emitting end surface a of the optical 
fiber 3 supposing a coordinate system as shown by drawing 4 . the luminous 
intensity distribution (intensity) I on the luminous-intensity-distribution measuring 
plane b are the sum of the Fraunhofer diffraction of each mode pattern, and can 
express this with the following (1) type 
[0012] 
[Equation 1] 

2n j Xi 2+y i2 ,,<*> 
Tl z i + "" }jj_jn(x 0 .yo)exp 



Uji<Xj,yi)= exp 



-j2;r 



I &i.y,)= S a n u tt *Cx, . y, ) (nftt&K) 



(1) 



v n is a function showing the amplitude in each mode on the emitting end surface a 
of a fiber here, The coefficient as which u n expresses the amplitude in each mode 
in the luminous-intensity-distribution measuring plane b, and expresses the size 
of a mode function, It is a subscript in which the distance from the emitting end 
surface a of a fiber to the luminous-intensity-distribution measuring plane b, x 

o' 

and y show the coordinates on the emitting end surface a, and x., and as for v 

the coordinates in the luminous-intensity-distribution measuring plane b and n 
show each mode in the coordinate system which shows lambda on wavelength and 
shows z. by drawing 1. 

[0013]Drawi ng 5 and drawing 6 show each mode pattern on the luminous- 
intensity-distribution measuring plane b respectively corresponding to each mode 
pattern in the optical fiber mentioned above. A horizontal axis is the degree theta 
of emitting angle, and a vertical axis standardizes and expresses a peak to 1 as an 
arbitrary scale. By the way, since the ratio of the intensity in each mode which 
spreads the inside of an optical fiber will change if the f number or the numerical 
aperture of an object lens changes, the mode pattern on the emitting end surface 
a of an optical fiber also changes. Then, the light distribution pattern in each mode 
on the luminous-intensity-distribution measuring plane b also changes according to 
it. The intensity distribution which compounded each mode pattern on the emitting 
end surface a, and the intensity distribution which compounded each mode pattern 
on the luminous-intensity-distribution measuring plane b also change according to 
it, respectively. 

[001 4] Synthetic intensity distribution on the emitting end surface a of an optical 
fiber according to each numerical aperture is shown by drawing 7 - each part 
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figure (a) in drawrngjip. Each of this part figure (a) sets a horizontal axis as the 
radial distance r (micrometer) from one certain fiber center, and displays an 
intensity pattern for a vertical axis as intensity (a peak is standardized to 1) Here 
an intensity pattern about the next fiber is also set and displayed. 
[0015]Similarly intensity distribution and its luminous intensity distribution on the 
luminous-intensity-distribution measuring plane b which carried out fitting of the 
mode pattern of composition actually obtained corresponding to each mode with a 
mode function are shown by drawing 7 - each part figure (b) in drawing 10 In each 
of this part figure (b), a horizontal axis is the degree theta of emitting angle and a 
vertical axis standardizes a peak to 1 on an arbitrary scale, and displays intensity 
distribution. 

[001 6]And a calculated value according [ a solid line in each of this part figure (b) ] 
to the aforementioned (1) formula and a dotted line show an actual measurement 
Here both are abbreviated-in agreement. The specification of an image guide used 
for these measurement and calculations is as follows. 

[001 7]Core diameter — 2.22micromNA — 0.5 pixel number — About 3 000 length 
— 1.5-mV value — 6.34 (lambda= 550 nm) 

By the way, a luminosity of an image acquired through an eyepiece or a relay lens 
is a total amount of light which has passed along the inside of an opening of these 
lens systems. It becomes what integrated with a portion which corresponds inside 
an opening among luminous-intensity-distribution intensity obtained by the 
aforementioned (1) formula. Therefore, it is the light volume in a range (when the f 
number is 2, one side is less than 14.5 degrees) corresponding inside this opening 
and an image acquired will become bright if this light volume increases 
[0018]However, in an optical fiber which can be treated in geometric optics even if 
it makes an outgoing radiation numerical aperture (NA) of an object lens larger 
than the number of maximum mandibular movements by the side of incidence of an 
eyepiece or a relay lens (NA), an image acquired does not become bright All lights 
of a larger portion than the greatest opening of an eyepiece pass along the outside 
of an opening by the side of an eyepiece among openings of an object lens, and 
this is because it will be kicked. 

[0019]On the other hand, when it was an optical fiber whose core diameter is 
several micrometers and a numerical aperture of an object lens was enlarged it 
turned out that the amount of intensity in a part of modes (for example, high order 

mode) increases. 

[0020]Namely, when luminous intensity distribution in each mode are investigated 
in such a kind of optical fiber, each of that mode, Since it has intensity altogether 
ms.de the greatest opening (they will be 14.5 degrees of one side if the f number 
becomes two) of an eyepiece, when an opening of an object lens is made larger 
than maximum mandibular movements of an eyepiece, a luminosity of an image 
acquired will increase. 

[0021] As drawingJJ_ mentioned later shows, the outgoing radiation side f number 
of an image guide is fixed to "2", and the outgoing radiation side total light volume 
ratio when changing the f number of an object lens is shown. According to this 
even if an object lens becomes brighter than the f number of the outgoing radiation 
side optical system, it turns out that light volume still increases. If an opening of an 
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object lens is made larger than the greatest opening of an eyepiece, a luminosity of 

an image acquired will increase. 

[0022] 

[Example]Hereafter, based on an example, it explains still more concretely. Drawing 
12_shows the rough composition of the endoscope system for blood vessels which 
applied one example of this invention. This endoscope 10 has extended the flexible 
insert portion 14 via the flexible extension wands 12 and the grasping part 13 from 
the hand part 11. The image guide fiber 15 and the light guide fiber 16 are allocated 
in the part among these, as shown in the part figure (b) of the figure, it arranges 
centering on the image guide fiber 1 5, and the light guide fiber 1 6 is arranged in 
same mind at the outside. 

[0023]As shown in the part figure (c) of the figure, it extracts as the two object 
lenses 1 7 which constitute an objective optical system ahead of the incidence 
apical surface of the image guide fiber 15 in the tip part of the insert portion 14, 
and 18 is provided. The opening of this diaphragm 18 is immobilization, for this 
reason, the numerical aperture of an objective optical system becomes settled by 
the f number of that object lens 17, and it is the number of the maximum injection 
openings of an objective optical system. 

[0024]The emitting end surface of the image guide fiber 1 5 is arranged at the eye 
contacting part in the hand part 1 1 of the endoscope 10. TV camera 20 is attached 
to the eye contacting part of the endoscope 10, enabling free attachment and 
detachment, focus adjustment, the image size regulatory mechanism 21, and the 
relay lens 22 are formed in TV camera 20, and these constitute the eyepiece 
optical system. Image formation of the image of the emitting end surface of the 
image guide fiber 15 by the side of said endoscope is carried out to the image 
reception area of the solid state image pickup device 23 through this. The imaging 
signal from the solid state image pickup device 23 is changed into a video signal in 
the video signal processing circuit 24, and is transmitted to the viewing monitor 25. 
On the other hand, the hand side of said light guide fiber 16 is led to the connector 
27 through the cable 26, and is connected to the light equipment 29 with the lamp 
28, enabling free attachment and detachment. 

[0025]Since an endoscope part is in the system of such composition 
independently, it fits DISUPO(throwing awayHzation. Even when use parts differ 
and required luminosities differ, it can respond only by exchanging an endoscope 
part. Since it can respond only by changing each part, without the spec, rise of TV 
camera 20 or the light equipment 29 also changing the whole system, it is 
dramatically economical. 

[0026]The incidence (maximum) side numerical aperture (NA) of the relay optical 
system of a TV camera is 0.25. 

The outgoing radiation side numerical aperture (NA) of the object lens 1 7 is about 
0.36 (f number 14). 

The image guide fiber 1 5 uses the thing of the core diameter of 2 micrometers, 
3000 pixels, the numerical aperture 0.5, and 3.5 m in length a multicomponent 
system. In the case of the system which observes an object image not using a 
relay lens system but using an eyepiece, NA (or f number) of an eyepiece should 
just be considered instead of NA of a relay lens. In this case, what is necessary is 
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just to use a value when carrying out inverse tracking of the beam of light from the 
ejection side to the incidence side as the f number of an eyepiece, and it is 
connected with the relation of the following (2) types to the incidence side 
numerical aperture. 
[0027] 
[Equation 2] 

MRl^XFNo. = (9 s 

2 xAltNA 



In this case, the solid line of drawing 1 1 shows change of the luminosity of a 
picture when the f number of the object lens 17 of the endoscope 10 is changed. 
Even if the f number of the object lens 1 7 becomes brighter than the f number of 
the relay lens 22, it turns out that light volume is increasing. 

[0028]The rate of an increase will become small, if the rate of the increase in light 
volume has large outgoing radiation side numerical aperture (NA) and (1 / 2 f 
numbers) of an object lens and they exceed the numerical aperture of a fiber from 
the numerical aperture (NA) of a fiber, when small. As for the outgoing radiation 
side numerical aperture of an object lens, since degradation of the image quality by 
the flare or a cross talk comes to be conspicuous when the numerical aperture of 
an image guide is exceeded, it is desirable that it is below the numerical aperture 
of an image guide. The increase in such light volume is remarkable with a fiber with 
a comparatively small value of the normalized radio frequency V, and is [ a V 
value ] especially large. [ of the effect in ten or less fiber ] If a V value becomes 
larger than this, in order to approach a geometric optics field, an effect will 
decrease. The normalized radio frequency V here is defined by the following (3) 
types, lambda expresses wavelength and, as for a, a core radius, ry and n 2 express 

the refractive index of a core and a clad, respectively 
[0029] 

[Equation 3] 

2 71 

V= ~T~ a / n l 2 - n 2 2 (3) 

The image guide of a quartz system may be sufficient as the image guide fiber 1 5 
to be used. Although the numerical aperture (NA) of the fiber of a quartz system is 
generally small compared with a multicomponent system, since internal 
transmittance is high, in a long endoscope, it is easy to acquire a bright image. The 
dotted line of drawm&JJ shows change of a luminosity when the f number of the 
object lens 1 7 is changed using the quartz system image guide of NA0.35. Although 
the f number of the increase in a luminosity of the object lens 17 decreases or 
more in 1 .4 compared with the time of the image guide fiber 1 5 of a 
multicomponent system, it is because this has the numerical aperture of the image 
guide fiber 15 smaller than a multicomponent system. The difference of the 
luminosity of both when the f number is small is based on the difference of internal 
transmittance and the core share. 

[0030]Although the above was explained focusing on the image guide, this 
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invention is applicable also to a light guide 
[0031] 

[Effect of the Invention]Also in the endoscope observation system for which the 
core diameter used the image guide whose V value is comparatively small by 
several micrometers by this invention as explained above, The luminosity of 
eyepiece optical systems, such as an eyepiece or a relay lens, makes bright 
conventionally only the luminosity of the objective optical system of an object lens 
etc. still in [ about the same ] the state as a system. 

Therefore, an endoscope observation system brighter than the conventional 
system can be obtained easily. 



[Translation done.] 
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